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MEMORANDUM REPORT

for the

. . . — .. . ..
‘ArmyAir Forces, .Materiel Co-rid .

TESTS OF TWO MODELS REPRESENT IN(3INTERMEDIATE INBOARD

m OUTBOARD -mm S]3CTIOMSOF THE XB-36 AIRPLANE

By Seymour M. Bogdonoff.-

At the requ~st of

tests were made In the

I~RODUOTION
.

the Army Atr Forces, Materiel “Command,

two-dimensional low-turbulence pres-

sure tunnel and the two-dimensional low-turbulence tunnel of

two nmdels submitted by the Consolidated Aircraft Corporation.,.

The model representing the inboard saction was tested

with four combinations of flap shape and slot entry to obtain

tho best slotted flap characteristics on the basis of maxi- .

mum section lift coofflcient and minimum section drag coef-

ficient when retracted. The combination chosen was t~.en

tested to datermtne the effect of varying the gap with flap

in the maximum lift position. Tests on this section in-

cluded lift, drag, nressure-distribution measurements, and

pitching moments for various flap deflections 8f. A scale-

effect test was made on the section with flap retracted and

at maximum lift position.

Tests on the nmdel representing the outboard seotion,., ., ..

an airfoil with an Internally balhced aileron and balanced

split flap,. included lift, pressure-distribution measurements,

and pitching moments with various aileron deflections oa for

.
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eaoh flap deflection. Drag and scale-effect data were ob- c

tained for the flap-retracted and neutral-aileron condition.

Aileron effectiveness was also Included.

~lostof the data were obtained at a Reynolds number R

of’approximately 8,000,000 and 9,000,000 with the exception

of the pitching-moment data obtained on the-moment balance.

These tests were run at a Reynolds number of approximately

2,000,000, The large number of press@e-distribution

diagrams obtained =e not presented in this report but are
. .

available,
. .

lhODINX

The models were of 2&inch chord and constructed of

wood with metal flaps and aileron. The wings, flaps, and

aileron all had pressure-distribution orifices- The sec-

tions tested were intemedlate” scctio:ls of’the actual whg
.

which had as a-root section an lYACA6J(&o)-@2 airfoil and

as a tip section an HACA 65(1420)-517airfoil. The inter-
#. #.“

mediate inboard and outbosrd section n.odelswere approxi-

mately an HACA 65(.!+20)-4zL,55airfoil and an”NACA 63(420)-520,6

airfoil. .

The inboard section had a 24.~-percent-cllordslotted
.

flap. Four combinations of flap sha~e and slot entry were

interchangeable on this model.
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The outboard section”had an internally balanced....
. .

‘“12.5-percent-chord aileron and-a-16.O-peroent-chord
,.

balanced split flap which retracted into the lower s~face..
●

o.fthe airfoil just abad af’theaileron”,..- ..... .,

METHODS z. . . . . . ...
Section drag coefficients were obtained by tihewake-

.-.
survey method using an inte~atli~g manometer, Section lift

coefficients were obtained by measuring the lift reaction on

the floor and ceiling of the tunnel by means of integrating

manometers connected to pressure orifices in the floor and

oeillnsg fieasure-distribution data were obtained

readi~ and plottin~ the pressures directly from a

tube manometer.

by

multiple-

3At the time this report YTZSoriginally published,
some of the corrections required for reducing the test
data to free-air conditions had not
values of section lift coefi’icient

wing section should be corrected by

Cl(conected) = o.965cb +

been detefiined. The
c1 for the inboard
the equation

0;056cZ=10

where Cz=lo is the section lift coefficient at an angle

of attack of 1°.

The section lift coefficients for’the outboard wing .
section should be corrected by the equation

Ct(oorrected) = 0.965cZ + 0N37cz=10
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The section pitching-moment coefficients presented for

the outboard section were obtshed from a.moment balance

using a calibrated torque rod, ‘RIemodel was pivoted at

the qunter-chord point and there was a gap of approxtiately

0.15 inch between the model ends and the tunnel walls to

allow ~ree movement of the model. All tests or this type

were made at a Reynolds number of approxtiately 2,000,000.

For the inboard section, pitching moments were ob-
..

tained by the above method for flap deflections of 0° and

20°0 For a flap deflection of 4.0°,however, whore section

pitching moments were above those for which the balance was

desi~ed and oscillations were large, moments were

calculated by graphloal means from pressure-distribution

data obtained at a Reynolds number of approximately 8,000,000.

These calculations v~ererepeatb.dfor a flap deflection of 20°

to check the data obtained ~rom the moment balance and to

give an indication of possible scale ei’feeton aectlon

pitching-moment coefficient. ThQ graphical method used

gives the total section pitching-moment coefficient and in-

cludes the component of moment associated with the chord

force.

RESULTS AIJDDISCUSSION

Inboard sectio~.- The Inboard section model with a

slotted i’lapwas equipped to be tested with four combinations
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of f’laf5shape and slot entry (fig. l). The lift data ob-... ,. .,. .. ..... .. -------.....
talned using the smallest flap gap, A-AI, are presented in.

.f’igures2 to 5 and the curve of’section drag Coeffiotent ad “

against seotion lift coefficient Cz- for flap retracted is

presented In figure 6... Some trouble was exparlenced in

getting”acwu?ate drag measurements beoause of spanwise flow

ih the slot, although all drag tests were made with thin

cardbotid dams glumd in the slot. Also included in .

figure 6 are the results of a test using fl~p 2 and nose 2

with the gap filled with modelin~ clay.

No combination of flap and nose gives any particularly

large advantage over any of the other combinations, but

flap 1 and nose 1 teem to be the most favorable combination

since it has the highest ?naxlmtm lift coefficient, 3s10, with

a smooth lift curve, and sli~ltly lo-uer&a& over most of’the

low-drag range. The maximum lfft coef~lcient was obtained,

at a flap deflection of )+OOs Lift data were also obtained

for.a flap”deflectfon of 20° and are yresented in figure 7.

Ontbs basis of’the tests made with the slot open and

then filled with modeling clay, the need of a door to close

the slot when the flap 1s retracted is not indicated. .

TWO alternate’flap’p~sltiollswere tested (fig. 8) with

the flap deflected 40° to study the effect of varying the

gap. The results are presented In f@ure 9. TM maximum “
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. . lift coe~flclent”.tncreasedfr& 3.10 for the smallest gap,

A-Af,.%0”3.28 for the largest gap t:sts, C-Ct.

“With the flap in the 4.0°C-C~ posltlon, lift data were

obtained at Reynolds numbers of 2,0C0,000, 3,000,000

6,000,000, and 9,000,0000’ Over this range the maximum sec-

tion lift coefficient increased kmm 3.06 to 3.28 (fig. 10).

Moment data for the flap retracted, 20° deflection, and

)+0°C-C~ def’lebtion, tie presented In fi~e 11 and are of a

magnitude sxpected for a 0.25c slotted flap. For the flap

retracted and at 20° deflection, section pitching-moment coef-

flcl.entswere obtained from moment-balance data. For the 40°

C-C~ deflection, and as a check on the 20° deflection, section

.pitching-moment coefficients were calculated from pressure-

dlstribution data. The agreement between the moment balance

and pressure-distribution data is cor~sideredvery satisfactory

and the scale effect on section pitching-mo.mentcoefficient

m;y be considered negligible below maximum lift in the range

tested.

Outboard section.- For the outboard section model with

the internally balanced aileron and balanced split-flap

(fig. 12) lift data were obtained for six poaltions of flap

through a range of aileron deflections (figs. 13 to 18)..

For the flap retracted and fully deflected, 50°, lift data

were obtained for aileron deflections of frcm 20° to -20° in
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5° increments. For the

300, &d” )+OO-;lift- data

-20° def’leotions of the

-7-

Intermediate positions, 10°, 20°,
.... ....-.
Were obtained only at 20°, 0°, and

aileron, The maximum seotion W%

ooeff’iclentobtained for neutral aileron was 2,.57for 50° ““?,

deflection. The.’k&&- li”ftcoa.ffloientobtainable was “
\....,

2.59 with ‘he flap at’~d”””andthe,.aileron.at5°. For ~ “‘... .:I .. .-
further positive d~.k~ection’ofthe aileron with the flap . “ “..

fully deflected, kh6’rn&mm section lift coeff’lcientfalls ‘ “-,.. . . ..
Orf tO 2,4 for 20° difleoti.ona .‘.

For all of the lntermediat~ flap positions there seems.’....
to be a definite tandency to have h@her msxtium lift coef~ ~ “

. .
ficients with negak~;e-”~llerondeflections, The maximum .

li~t coelYiclente for flap deflections of 20° and 30° are”

higher for -200 defle:dtionof the aileron than for 0° or 20°.

A negative defleotlon of the aileron probably induces a

lower pressure behind the flap causi~ larger and better ~“
. . ..

flow through the sap &d &o&d’t&. flap. This.pf’feetdis- .
...

appears at 40° and 50°.altho~ I& .tendenoy,1s still,shuwh c ~.. ,... . J
by the wide flat topmo~’”&’ lk;marve for ~0° flapJ:deCL4n*- ... . ..
tion (position 5) &d -2”05’a~l&on defleetio~:(fig.h17). ~ ~ .

..-. i.

The effect ol?-”d;”&flectedflap or ai.lemnmay.ibe . ~ ~ “,,.-..(..-
measure~as a change.of “&-@e of ●att,aok@ the wi~:aectlon

.1- ..,-,:J..
or by the change in k6’”z&o-lift +@e., A.factor of .. ~ “.. :

.... . ........ “.”.

(
proportionality denoted b; AC+/A8cl=OP,0)~y.bp-taken as a’.

.,:. ..... .)..’,-...,:!....
*. ... %“. : .

. . . . . . . . . . . ““--”.. . .“: .”..-

. . . . . . .
a

.

.
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measure of aileron-effectiveness, although the airpl~ does
,.. . .

not aotually’fly In this.oondltion. This factor Aa/A~

equals 0.34 for the flap retraoted and f’ailsIn the normal

aileron-eff’activenessrange. l?wom figure 13 It may be seen

that this faotor stays constant to high section lift coef-

ficients. For the flap fully extended to 50°, ‘Aa/Ai5drops

to 0.26 whioh Is below the nozmal range and gives only

76.5 percent o~ +he-‘&Lleron”“el%otivaness obtalneilwith “tie‘

flap retractfsd..At h~& k~ctlon lift coeffldients the t “
...

aileron e~fe&tZ4refit3sstio’ja”off’stll.1further, givi~ only “
..

about 60 perceni of”-thd-effectlvbness obtkindd with flap’“ “

retracted? ““““ ‘!-’;”’”;‘~: ““-‘
,.

For the inteimediateiflap deflections; positions ~, 3, “

and 4.,aileron “effectivenessdrops to a critical point, as
..

low as 37 p~~ekt “of normal effectiveness for poaitlon “4in”“

the high llft condition. For these three positions the ‘ ““’

average Aafi& W approxiniat’elyone-half of’the normal ~ileron

effectivene-b,”an~”ednnot”gitiee~fective lateral controi in “

this condition+-’:CW6r’fkvestigations “sh6wthat”mov&g the ‘
‘.

flap farther baok &d allowing a largb gap”b6twken flap ”and
.. . . .

aileron will. give &tio8t ‘fullaileron effectiveness”at maxi-
. .

mum f’lapdeflectionk-’::B&t&fi e“ff’activeness at I“ntezmediate”

flap positlops hay also:be’tibta&ed. “’ ““’ “
..

# . ““. . ‘.”. . . . :.. ..’

..:.”... . ;::
./.,,-.>, .”.. - . . . . .“ ! . .

~.. J,. .

. . ,.

.,. . . . . . ‘.
. . . . . .“.” . I
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The variation ok rnaktiumsection lift cotiffkc’1.entfor-. .,
:“

retracted. an-d~lly”’’d~.le”bted’,-‘5-OOJfor’change
. .

.!.

Reynolds number Is presented in f.@zres 19 arid20.”

flap retracted, the maximum lift coefflctant varies..c

in

For

from

1.28 to 1.47 for a change”ZnlRqnolds number”of”from

2,000,000 to 8,000,000;“for 50° deflection of the ~lap, the

maxtium lift coe”fficlentvuiqs from 2.1+0to 2.68 for the

same change.in Reynolds number,
..

~ figure 21”ls”presented the curve of section drag

coefficient against section lift coeff’lclentfor the flap-

retracted and aileron-neutral condition.

Section pitching-moment data for ill flap deflections
,

thrm&h a range of “ailerondeflections are ~resented in

t’i~es 22 to 27 and are of a magnitude expected for such

an arrangement. These data were obtained from moment-

balance measurements. The data at or beyond msximum lift

are not considered reliable because there were gaps between

the tunnel walls and the model ends. The eff’ectof gap and

Reynolds number may be seen

of”the slotted flap-. Below

be cki.dered ne@.igible.

In figure 11 for 20° deflection

maximum lift the.effects nay

. .
—— —— .- ——
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.,~.. . CONCLU$IOIW . . ,“.“ - ~ “

1-., Ihboard Sectioq .... . .

1. Flap 1 and slot.entry 1 aeeznto be the best of’the

combinations tested, ..’.“.. ..:-

2.,A msximum section lift coefficient of 3;28 was oB-

talned with the lmagest flap gap.”tested~.C-$?, at a ~lap,”

defleo.tiortP1’40°. This compares very well with other “~.”

tests of similar flaps. . s . .. ,:., ...,

~. On the basis of the tests made, the need.:of ~ door

to close the slot when the flap is retracted in some. con-

fiogmrations is not.definitely. indica-ted, ‘. .. “.~1

Outbomd Section “ .. . “

.4. The maximum section llft.coef’ficient obtained was’

2.59 for 50°.deflection of the flap and 5°.deflection of

the aileron. . .

5. Some account must be taken”of the incr~ase in :

maximum section lif’tcoefficient-for ne~ative a$lerm de-

flections for inter?rgdj.nteflap positions 2, 3, and.4.s

6. Aileron ei-i’activenessis deficient for the inter-

mediate flap positions end falls slightly I391ow the ran~e

usuall~ consi~ered acceptable for-the fully detlccted . .

position, The ei’f’ectivonessof the aileron alone, flap

retracted, is satisfactory,

Langley ?temorial~monmtlc~l Laboratory,
National l.tvi~oryCo?rrdttceTTGTAct”onautics,

Langley Field, Vs., Janua.z-y7, 1943.
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Figure 1.- Comblnatlon of flap and clot entry for inboard wing ●ectlon
model ot x2-36 airplane with Blotted flap.
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~gum 8.- Three positions of slotted flap on inboard wing secthn model
of XB-36Rirphne used to test effect of Varfing gap size. map 1,
slot entry 1S 6f, 40°.
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figure12.- Ponitiom of balanced apllt flap and amungement of titernall~balme@●iler.oaoa outboard
wing6ec~lenmodelof XW3A ai’~nlmna.~-. =------
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